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I l i t  i r r u p t  i O l i S  i i i  t I n -  d a t a  i- t c o i ’ d i  r i g  w i - r e  i i i  • t -• 0 - ,

I t  ‘- ~~~r ) u t  t I l i i  i l~I)(’ O I ) ( t 1  I b u S  aui (1 I ()~~ .i~~ I 1 (~5 I i 1 I J (  I I ‘ ) I J ~~- I i t

l i i  ( : ‘~~i’ . )  a nd I t i t  c o r i u p u t i t ’  d o w n t i m e  36 . 5 l i i -  (0 8’

2 .  A u t o — E d i t

The r ( - ( - o 1 d l  rug  ol edi ted event dat a cu nt  I nu~-d
I liroti gli out I iii s iepor t jug period allowing the prepai’at ion ~ I
16 new mas ti-r— edi t tapes containing 1727 e v e n t  pe r iods . Thc - s i -

• 1DC recordings , described by Matkins (1976) , provide an
• ci tici ent means of data p layout for event  analys is an d f o r

e v e n t  data retention at the LDC .

3 .  Ev ent Detec tion

Automatic event detection continued using t h e
same event detection processor routine as used and reported b~-
Needham (1969). The event detection lists speed the m a n u a l  a n a l n i ~
film reading process from which we prepare our daily teleseisi nic-
reports . Event detect ions also provide a means of ver i fviuc t h e
SP array sensing performance.

4. Event Processing

Event processing at the LDC is performed to  a-,sis t
i n  our teleseismic event reporting to \‘SC . Event data with
amplitudes too small to pick from the analog film recordin g-~ are
processed digitall y through a filter , a beam f o r m e r , and a cross-
curi’elat ion routine. The time picks from either these s t r i p
char ts or film recordings are further processed to obtain location
and other event parameter information.

( .  ARRAY OPERATIONS

1. Mon itor ing

3 The a r r ay  and data  c e n t er  systems are m c t i u i  t o t e d  on
• a continuous basis to provide an up—to—date site/sensor status

i nformation input to the LASAPS processor and to alert maintenance
to trouble sources . Interruptions of the array data are shown i n
I_ he  monthly operations summary reports. SP data was interrupted

• 214,3 hr during this period ; LP , 157.9 h r .  Each SP sub ai ’r av
averaged 2.7 hr/month outage ; LP, 2.9 hr /- month. These avera ,~t. s
represent improvements over the previous report of 23’; (SP) a n d
45’; (LP). Table I indicates the data interrupt ons by the pto’-

- • pose of the outage and Table II shows a summar y by subarr.iy ol
the outages0

M atk ins, R . E. Montana LASA Sem i—annual techni c-al report
T •R 2126—76-75 (AD—A023 263) 23 JAN 1976 .

Needham , R. and A , Steele. Montana LASA dat a :in ~- 1y s i s  t i - c  I i ! i i q a
S—llo—33 Billings , MT May 1969.
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TA~~LE I

OATh INTERRUPTION ’S B y  PURPOSE OF OUTAL :

‘J[’Tu~ ER 1976 - lARC H 1977

SF’ A R RAY.  13 SI T E S TOTAL AVERA5.E
H O U R S  P E R
OUT S I TE

LDC TESTING 19. 73-  1.52
SITE FA ILURES 1 7.SE 1.34
LI1C I1AINTENAN[E 2 8 .72  2 . 2 1
TELCO TEST/OUTAGE 143 .42 11.42

TOTAL SF ARRAY 21-4 32 15.49

LP APRR/~. 9 SITES

L0 TESTING 19.5 2 2 . 1 7
SITE FA rLUPE7 1 . 2 2  U.15

• L 117 N R I N T E N I 4 H L E  15 .52 1 84
T ELCO TE ST- ’OUTA GE 17O.~~c 1 3 . 2 3

TOTAL LP A R RA Y  15 7 .3 9  17 54

TABLE I I

SUMMA RY OF SU B A R R A Y  DATA II EERRUPT ON OL ITAGES

OCTO8ER 1 975 — MARCH 1977

SITE SP DAT A LP DA TA TELCO

8.96 9.14 4 1 .54
E l I  10.79 — 5 . 2 1

2 .38  —

03 1.65 -

04 4.42 -
C l  3 .7~ 2.1 7 7.1.2
2? ‘ .~~~~~

CS 4 ,49 / .45 3 .1
— C - l  4.Y3 5~~~2~~9

1 . E T ’  2 5 2  3.
5 . 54  5 . O ?  3.53

04 3 5 5  2 . 3 7

T T T A L  Hc’S P5.39 2- : . 45 1 1 7 2
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( uuuiti u iiic’a t lore- M u l l ! t o t i n g

M o n  i t o  l u g  u l  I i i -  a r r ay  c om in t i n i ca t  i 0115 c i i i -  I I ’ —
l ) e t w c - e l i  c a  Ii o f  l i i i  t h i r t e e n  s - u b a i - u a y s  an d  t b  d a t a  ( - i n t e r
i n i d i c a t  ( d  a b ou t  I l ie  same l ev e l  ol  p e r f o r m a nc e  as } ) l ( V 1 c l  - - 1  v

t r b ~~t i v t d .  ‘ t h e  l o n g  term (ii (’u i t availability ( s in c e  DEC 1 97 u )
o f a i i a v  c i u - c i i  i i  s a / : t i d i d  u u I  c h a n g e  f r o m  0. 99687 . i i c u i  I
c . u  t a g e s — t h o s e  w h i c h  tuot’ r~i t  I l y  exceed 2 or 3 mi n u t e s — o l  c a c t i
su b a t - r a y  a te  shown  t o g e th e r  w i t h  t h e  s h o r t — a n d  1 0 1 1 4 — t i  - u r n
c i r c u i t  availabilities i i i  T a b le  I I I .

The extended outages exceeding a twu— tuoni- t h u - a t  ioi •i

1cc 1 is t ed  in  T a b l e  I V  . No commun icat ions equ I pine ni t I a i i ui-es
at e s h o w n ;  all incidents resulted from either weather (- (m d i t  b o i t s
1)1 man—caused events.

3 , A r r a y  C a l i b r a t ion s

S i n u s o i d a l  c a l ib r a t i o n s  are p e r f o r m e d  d a i l \  :u~~ni4
Pr o g r a m  TESP f o r  t he  SP s e i smograp hs to d e t e r m i n e  t h e  - o n d i t  i on
of the array equipment. LP se i smographs  are t o u t  m c l v  t c — t e d
each  week using Program TELP for sinusoidal calibrations . P1 o 4 l a m
FREEK fo r  f r e e  per iod  measu remen t , and Program MASPOS lot’ in e a su t ’-
ing and positioning the LP seismometer masses. Other comp utei-
controlled test s are per iod ic al ly  perf or med .

D. ANALOG SYSTEM

T h r o ug h o u t  most of t h i s  r e p o r t i n g  p e t -  j od t h e  two 1~~S-\
SP Develocorders  operated o n — l i n e  w i t h  t h e  a r r ay .  Dv usI 1(4
u n i t s  and a l t e r n a t i n g  them d a i l y  one is a l w ay s  in  ( ) p e l ’ a t i ) n  - y e n
d u r i n g  f i l m  changes and one is r e a dy  f o r  r e c o r d i n g  in  c - a ~~e c i t  a

malfunction in the operating unit. The recording lormat 1 ) 1 1 —

sisted of center holes Iron . (to (‘—and D—R i ng and A0 su b a n - ia v s
plus  the  a t t e n u a t e d  s i g n a l s  f r o m AO and P4 .  Dc v e l o c o r d t u h in t
recordings dating from 24 DE(’ 73 a rt  s t o r e d  in t h e  l i b i ’ a r v .

A n a l o g  s i g n a l s  f r o m  t hi’ee su h a r i - a v s  (D l . i: , and 1)-i )
are transmitted to t h e  Nat lona l Earthq tak I n l o r m a t  io : i  Si i ’’~ I c - c

facil ity in Golden , Colorado , as a part cm! th eit ’ o n — l i n e  ~c1 sm 1c
recording system .

E .  DATA L I B R A R Y
4.

Recording of the arrays s.i~~mi c data Lc~ th u ’ 1 1 4 —
computer ’s seven—track tape un it s us.i ng o u F  LI ARS I urIna l
cover ed 4 1 7 1 . 1  h our s or 95.5’. of the six— m onth p e i i o t l . F ’ ~
6288 magnet ic tape recordings weri i’ec y e  I (d t h 1 o k l ~ . f t  I I t t -  I it •

Data Libra ry so that each recording was v i t a l  ti - cl tot’ al I a — I
l i t )  da ys before reuse.
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7 4  rJ 7fl3 12. 570 99.710

TO~~~- - 17 . :-3 T 99.699

TAELE IV

EXTENDED ARRAY DA ’A COl1MUHICATIOI’4S OUTAGES

DATE DIJRATION SITE PERSON

10/17.26 03:50 03 STORM IN ARRAY
17/82 76 02:01 AD CABLE CUT AT ANGELA
12/82 ’76 02:01 61 CR8LE CUT 4T A NGELS
1 2-2 3 2  76 02 :0 1  82 CABLE CUT AT ANGELA
12/82 ‘76 02:26 83 CABLE CUT AT ANGEL-
12/02- - ’76 02:47 84 CABLE CUT AT ANGELA
12/07-75 02:47 Cl CABLE CUT ~T A NGEL A

• 12 ‘[12 75 03:06 C2 CABLE CUT AT ANGELA
l2 — ~02 75 03 : 18 C3 CABLE CUT AT HItG E L - ~
.2 [12 76 02:25 C4 CABLE CLII AT AN GELA
12 02- 76 03:57 Dl CABLE CUT AT AN GELA
12 02 76 03:.7~ 1(3 CR8LE C’JT A~ AN GEL A

e 1 2 - 0 2 - 7 5  03:53 04 CA B LE ~~~IT t~~~

03:55 AO FROST ON L N E
02-06 77 29 :28  A0 FROST LL~ L It -~E
02-22 77 04:00 04 FROST 014 L II4 E
[12 P 6 - 7 7  03:00 tI FROST IN L I E
02 117 06 :05 01 FR [Y- T ON L 170

- 
- 

[ 12- 3 77 02 :30 C3 I J NF H ’IUO
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‘lhe LASA Data Library now contains 3152 uI the 2-10 (1— I I
t a pes w h i c h  are currently divided into these categories:

LIARS Recording Cycle  2161

Master Edit 61

Events (permanent files) 401

Calibration Data 165

Programming (quality tapes) 128

Adm inistrative 236

There are 4 disc packs w i t h  the LPS 75 (LASAPS ) s y s t e m
available for use in the 360 computer operations .

ci
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SECTION 111

ARRAY PERFORMANCE

The performance of the array as determined locally is
based on the results of our seismic event processing , SP and LP
se ismometer test ing and rel iabili ty stud ies. Result s lrom each
of these activities and summarized in the following paragraphs .

A.  Se ismic Event Process ing

1, Teleseisinic Processing Summary

We have reported to VSC 1468 events and 236 phases
between October 1 , 1976 and March 31, 1977. These eve nt s are
classified in Table V and show an average of 16.8 detections per
day . Approximate locations were indicated for 3l~ of the detected
events.

Magnitudes were deter mined for 867 ot the locat ed
events. The smallest magnitude reported was 3.6; the largest
7.2. Figure 3.1 shows the distribution of these magnitudes. The
distribution of all 3756 event magnitudes reported since July 1 ,
1975 is shown in Figure 3 . 2 .

2 .  Near—Regional Detect ions

The LASA near—regional  d e t e c t i o n  repo r ts  wh ich
indicate a portion of the near—regional  a c t i v i ty  and identif y inter-
ferring signals continued with 25 reports issued between Octobe r 1 ,
1976 and March 31 , 1977. A total of 235 near-regional or regional
arrivals were covered. Unidentified events account for the majority
of the arrivals. Locations were estimated for 29 events.

Periodic supplements report the blasting activity
at the known strip mines located near the LASA . Table VI shows
the number of blasts detected from each of the several strip mines
in the region. The blasting activity during this six—month period 

-
increased by about 17% to an average of 6.8 blasts,day from 5.8
reported for the previous period .

B.  Seismic Event Processin g Analysis
- .

Limi ted  analysis of the LDC te lese ismic  r epo r t i ng  is
performed as time permi ts .  Four areas of s tudy w h i c h  are
cur ren t ly  in progress include : ( 1 )  con f i rma t ion  of r e p o r t e d
events  w i t h  USGS/NETS l i s t s ;  (2 )  locat ion capabi l i t y ;  (3 )  m ag—
ni tude accuracy;  and (4) detect ion threshold of the LDC tele-
seismic reports .

9
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Oul  c ) I ) ( ’ l ’  I , 1976 — M arc h  31 , 1977

Number ot Events Daily \~ i u ’a~-

L o ca t e d  t e l e se i s ms  867 4 . 76
( e xc lu d i n g  PKP ’ s)

PKP ( l o c a t e d)  26 0. 14
PKP ( u n l u c a t i d )  176 0 . 97
I~uor ut  weak t e  i L - S C  isms 399 2. 1 ~

(n u t local t’d)

pI~ I)hias -s 149 0.

Other Phases 87 0 . 18

Unprocessed  d e t e c t i o n s  1349 7 .11

TOT -iL 3053 1 6 . 7 7
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I A B L 1 .  I

Surni riary of Strip — mit re Blasting 1~~t i ’s- i t~~ i s f0. - f O t t t  d Uv I !i(’

Oct  01) 1’!’ 1 , 1 9 7 6 — M a c - c - l i  . 11  , I N  i -I

N Iclific i B las t  ~
—

f~e - c i -  I ed

C o ist r i p ,  MT ( WE) 550 ( 4-1 . - i )

Decker . MT 230 ( 1~~.5 )

C ol s t r i p ,  MT (P ) 1~~-1 ( 10. 0~ )

Sarpy Cr eek , MT (W) 100 ( 8.l~~)

Wyom ing 80 ( 6.5’~)

Bri t i sh  Columbi a , Cana da 67 ( 5. 4 ’ )

Unknown 50 ( 4 . 0~~)

Unknown , NE 31 ( 2 . 5 ’~ )

Seismic Crew in Ar ray , Series of Shots  7 ( 0 . 5 ~~)

Sou th  Dak ota  1 ( 0 . 1~~)

TOTAL 1240 (100 . 0’~ )

13
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I . i o t a t 1011

Event locations at ~ est im:t t I- 1 l o t  t h u s ’ :  (~~~ iI .~
w c  tic good signal arrivals at the l A S A  . A b u i t  607 u I  t l i t ~- 1 4 6-c

c lescis!’ i ( CV i i fl t H I’epor t ed  thu’ i i g  t i n  s s i x — m o n t h  n i - i  ud i i i —
el uded l o c a l  ions . The m o n t h l y  d i st  i ’ i b u r i o n  at  t h i s  p e) ( - n t . 1 4 1 -

is i n d i c a t e d  in  F i g u r e  3 . 3 .

A c o m p a r ison  b e t w e e n  i v e n t  l o c a t i o n s  Its  t j - [ - j - : i ~ j ned
at the  LDC and those gi  ‘,‘en b y USGS i n  the PDE - s~~~ - as  m a W -  using
e v e n t s  w h i c h  occu r r ed  be tween  June  17 a r i d  Seiiteiri liei i0 . 1973 .
Using  the  e v e n t s  wh ich  showed good s i g n a l  :u i - i -c- l a t i on  a c ro ss  t h e
a r r a y  (Type 1 c l a s s i f i c a t i o n)  , l o c a t i on  e t r o r  a v e r a g e d  I . 7)7 de gre es
(o- , 3.78 degrees) for the 135 e v e n t s  w l t i m i n  80 degri-us ul LAO and
5.33 degrees (

~ , 4 .10 degrees)  for tire 204 e v e n t s  w i t h i r  UK !’
boundary of abou t 105 degrees f r o m  LAO .

I n v e s t i g a t io n  of lo t - a  t i o n  a c c u r a c y  f o r  ~ i ’ - - i i  ic
seismic regions  is in  p r o g r e s s  now.

2 .  M a g n i t u d e

Magni t ude c o m p a r i s on s  a re  made be twee- U t h l i  I I )(
calculations and the event magnitudes as t he~- are l at c r  I i~~ i ed
in PDEs . The results , which are shown In Figure 1 .4 1 c r  i i . -
past six months and in Figure 3 .5  f r o m  J u l y 1975 , i n d ~~c c t i -  t~-

LDC es t imates  d i f f e r e d  by onl y 0 . 1 4  and 0 . 0 7  un Its for t I ~~ t w
per iods , respectively. The quality of these results l i - b  us t o
make only one change in our local procedures , v iz. . a d j u s t  lUg

the magn itude estimate when a depth phase was availabl e .

3~ Detec t ion  Thr eshold

We compared the events  reported by the 101. 1 d c —

seismic reports (October 1976 thru March 1977) with tho se listed
in the PDE5 to measure the quality of this daily report . Since
the  PDE lists many events  either  wi t h no ma gni t ude or w ith a
magnitude est imated from only a few s t a t i o n s , we used the PDE
magnitude of 4.6 as a threshold. Above 4.6 , our report c on ta irc ’d
62.2% of the PDE events; below 4.6 , we r e p o r t e d  16.2’ . Of t h e
660 events with a magnitude of 4.6 or greatei- which we did riot
report , 549 (83.2%) were more than 90 degrees from LAO .

Following a more fromal procedure we estimate t h e

mb detection threshold of our daily reports at -1 .99 (9o~~) and
- 4,56 (50%) based on 3756 event magnitudes reported during the

2l~ consecut ive  months betwee n Ju i ce  16 , 197 7 )  a n d  March 31 , 1N77 .
The measurement  method used a leas t  squares  l i t t e d  strai ght
line through a part of the cumulative log ire que n cy— rmn a i~n i t r d t
d i s t r i b u t i o n  between 7 . 3  and 4 . 7  m a g n i t u d e  l i m i t s , a r a s o i a h l y

- 
stra ight portion of the distribution. The N0’~ and 5(1 d e t e - t  i o u
thresholds are those ma gn i tudes a t  wh ich t h e  a c t u a l  n u n b i  c of
e v e n t s  f a l l s  10% and 5O’~ , respectively, below the level ; i’ - dic ’ed
by the ex t rapo la t ion  of the s t r a i g h t — l i n e , Ii’ equen cv --m igr itu tie

1’ 1
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1 . Per ioi’man~ t- ~1e a s ur e me I t  t Vs i ni~~ Pr o gr a m  I E S i ~

W e e k l y  m e a s u r e m e n t  I of c-ac h of t he LASA shu i ’  t ~~i i  iob
sei smographs  is p r o v i d e d  r e m o t e ly  by PDP—7 ~ t ’ o g r a m  TES P .  w h ic h
measures the seisrnograpl~ response to a uric-second sinusoidal signal .
l)uring the  past  6 m o n t h s  t h e  av e r a g e -  mean s eu n s i t  i v i  t v  ol th e - 2 10
LASA SP se i smographs  was 19 . 91 mV nm a t  o n e — s e c o n d  p e r i o d s  w i t h
the average standard deviation being 0.63 m V / n m . The t o l e ran c e
l i m i t s  for  the  SP s e i s m o g r a p h  s e n s i t i v i ty  h a v e  been set at  2(1
-3  mV/ nm . The past  thi’ ’e c o n t r a c t ave rages  a l o ng  w i t h  the-  f i n - s t
s ix  m o n t h s  of  t h e  c u r r e n t  c o n t r a c t  are s um m a r i z e d  in  Table  V I I .

• The  numbe r of f u n c t io n i n g  sensors , s e n s i t i v i t y  mean , s e n s i t i v i t y
s t a n d a r d  d e v i a t i o n , max imum s e n s i t i v i t y  fo r  t h e  a r r a y , m i n i m u m
s e n s i t i v i t y  for  t h e  a r r a y ,  and the  d i f f e re n c e  b e t w e e n  t he  m a x i m u m
and m i n i m u m  s e n s i t i v i t y  are g iven  by c o n t r a c t .

S e n s i t i v i t y  is a f u n c t i o n  of t h e  o u t p u t  of t he
• se’ismomneter divided by the input to the seismometer and is

calculated using the following relationship:

(4
2
M \E

S = 
2 

= 1.01 x 1O 3 
— v o l t s / m e t e r

G
~~

T I I

w h e r e  S = SP Channe l  S e n s i t i v i t y  at  pe r iod  T in seconds
M = SP Se ismometer m o v i n g  mass in k i lograms
E 0 SP Channel Output in v o l t s
Gc = SP Seismometer generator constant in newtons amp

• I = Calibrat ion cu rrent  i n t o  t he  SP seismometer
C a l i b r a t i o n  Coi l  in  amps .

2. Seismometer Natural Frequency & Damping
Measuremen ts

The SP seismometer natural frequency and damping
field measurements completed this period have only slightly

-~~ revised the distributions of these two parametel’s. Histograms
of the natural frequency and damping measurements are shown in
F i gures 3.6 and 3.7, respec ti v e l y .  The two sensors with a damp-
ing ratio of .643 were surface (10 ft. deep) installations at
‘-~ubarray Dl. The measurements , ma de during a windy day , ar e
ques t ionable .

18 
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TABLE V I I

SP ARRAY PERFORMANCE TESTING SENSITIVITY STAT IST It’S

Se mis Sens Semis Se -nis  Sens
Mean Std Dcv Max . \li n . D ov .

sP Sensors mV/nm my/nm mV urn m V / r i m  my - nm

VT 7708
C on t r a c t
Average 208 19.91 0.63 22.45 17 .24 3 .21

VT 6708
Con t r ac t
Average 206 19.83 0.83 22.91 16.69 6.22

VT 4708
Contrac t
Average 206 20.05 0.85 23.36 l6 78 6.58

VT 2708
C ont rac t
Average 208 20.14 0.79 22.86 16 .96 5.90

1!’
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No.  M e a s u r e m e n t s  206
Damping R a t i o  Mi-an 0.67 1
Damping Ratio Media n 0.670
Damping Ratio Std. P- v . 0.0142
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Figure 3.7 SP Seismometer Damping Ratio D i s t r i b u t io n , March  1977
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3 . SP Sc: flsur Ruplac< meii I

A bri ef a n a l ysis of t h e  rep] a ( ’ e m . ’n t n - 4  and i’epa i n s
of the SP sensor ( !qUi } in f l en i t shows 20 d i I  f er e n t  WHV m a i n t ( ’n a n c ( -
a c t i o n s : one sc i s m o met e r , i6 a mp l i f i e r s  and t h r e e  w el i he a d
v a u l t s .  One seismom eter was r ep laced  because of low out p u t .
Three wellhead vau l t s  were dried out and sealed to co r r ec t
leaks . The 16 RA—5 a m p l i f i e r  r e p l a c e m e n t s  c o r r e c t e d  seven
i n o p e r a t i v e  cha nne ls , six distorted outputs , and three e r r a t i c ’
and unstable outputs.

D.  LP Seismometer Test ing

1. Performance Measurement Using Pr ogram TELP

Program TELP measures the response of the LASA
long period seismographs to a 25—second s inusoida l s i g n a l .  The
tolerance limits for the 27 long period seismographs h a v e  been
established at 350±5OmV ’Mm. The first six months of the current
contract shows an avera ge mean sensitivity of 350.4 mV ,~~m which
is well within the tolerance limits. The past three contrac t
averages along with the first six months of the current contract
are summarized in Table VIII . Included in the summary are the
number of func t ion ing  sensors , s e n s i t i v i t y  mean , s e n s i t i v i t y
standard devia t ion , maximum s e n s i t i v i t y  for  the a r r a y .  min imum
s e n s i t i v i t y  for the arra y , and the d i f f e r ence  between the maximum
and minimum s e n s i t i v i t y .

S e n s i t i v i ty , a f u n c t i o n  of seismograph ou tpu t
divided by the in put , is calculated according to the f o l l o w in g
relationship:

f4ir
2M ~ E E~

S 2 22 .56 — vol t s  me ter
G~~

T I

where S = LP Channel Sensitivity at period T in seconds
M = LP Seismometer moving mass in kilograms
E0 = LP Channe l output in volts
Gc 

= LP Seismometer generator constant i n n  n ewtons1  amp
I = Calibration current into the LP Seismometer

• Calibration Coil in amps

2. Results of MASPOS and FREECK

The free period of the ar ray ’s 24 LP sc’ismom ten - s
averaged 20.1 seconds (a , 0.lOs) over the 25 weeks of this r epo rt—
ing period. Remote adjustments to maintain the free perioc - to a
20.0±1.0 seconds totalled 37 for an average of 1.4 per tes t

Mass position centering to within tl .4Omm re ux i-u c
191 remote ad justments , an average of 7 . 3  per t e s t .

22
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TABLE V i i i

LP ARRAY PERFORMANCE TESTIN G SENS I’I’l  V 1TY STAT IST I IS

Senis Seins Sons Se n s
N o .  M o a n  Std  Dcv Max. Mi n . li t -v

LP Sensors mV , ~ m rn V / ~m m V ,’ ~ nn n v  / ~ nn n n~\ 
- ~ nn

VT 7708
Contract
Average 24 350.4 20.5 393.09 306.3 86.6

VT 6708
Cont rac t
Average 25 339.9 19.2 383 .9 294 . 9 89 .0

VT 4708
C o n t r a c t
A v e r a g e  26 337 .4  18 .2 376 .7 297 . 9 78 . 8

VT 2708
Con t r a c t
Average 22 347.0 16.0 382 .6 319 .0 63.6

4’

.5-
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3 - LP So isini ome ter Pos i t loni r i g  Ana i ys i—

The long term pos I t oni ng stat 1st 1 i’s I or I l~~- 1.!’
seisniometers arc sh own in ‘l’ab le  I X  where t he  remo I e ad .j  n s f  m m c c  - n i  s
for both mass posit loning (si nl (:e Ii DEC 71) and I roe pen 1(1(1 (0! —
rec I ion (since’ 2 .JAN 73) arc shown and total 1938 . ‘I ’ho m e a n —
Lime—between— adjustmen t (MTBA) for each sci snnorne’t or i-s shown and
v a r i e s  f r o m  11.36 days f o r  sensor 04 N/S to 64.80 days fm ~~-ts o i-
03 li - W. The average MTBA f o r  t h e  a r r a y  is 1.06 days  ani l t on  a
se ismometer  is 28.52 days .

E.  IBM 360 Com put e r  Operat ional Per fo r m ance

An increase in t he  number  of ex t ended  o u t a g e s  of t h e
LDC ’ s LASAPS processor , an IBM 360 Model 44 c o m p u t e r , w a r r a n t e d
a r e v i e w  of the computers  operating performance. Five system
failures have occurred since December 1975 which resulted in out-
age periods of more than 50 ho’ rs. This computer has been
operating at the LDC since April 1968. For the purpose of this
review failure classifications and maintainability statistics
since July 1973 a~ e used.

The i n c i d en t  of failure according to equipment category
has been classified and shown in  Table X.  As shown the 1052 Printer”
Keyb oard had the most f r e quent  inc iden ce of fa i l u re , 36 or 51’-

The 2044—G Processing Units CPU or A—gate produced
the most circuit board failures (IBM ’s SLT cards) requi r ing 14
separate card replacements. The failures were well distributed
among the main CPU sections ; no section had more than 2 failures.

The 1052 Printer,’Keyboard fa i lures r e su l t ed  f r om the
mechanical nature of this unit. Adjustments corrected over 73’
of the failures. Replacement parts were required for the items
subject to normal wear ; most frequent item was the rotate con-
trol tape . Usage as a factor influencing failure was shown when
the number of 1052 incidents  dropped dur ing t he per iod of SDAC
program development when the LASAPS was not operating.

The Single Disc Storage Device (SDSD) is another m i t
whose mechanical nature has been responsible for some recent
fa ilures , six since January 1975. Failures in the other peri-
pheral. un its have been rare.

The reliability of the 360 system is indicated by the
mean—t ime—between—failure (MTBF ) for the 66 failures which have’
occu r red dur ing the  1368 days (32 ,832 hr) since July 1 . 1973 .
The system MTBF is 20.7 days (497.5 hr). When the 1052 failures
are subtracted the system MTBF increases to 44.8 days (1074.4 hri
For the CPU only the MTBF is 69.0 days (1656 .0 h r ) .

The mean—t ime—between—maintenance (MTBM) since Jul y

24
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‘I’ABLE x

CLASSIFICATION OF IBM 36() SYSTEM FAILURES
( SINCE JULY 1973 )

360/44 System Equ ipment Number of Fa i l u r e s

2044—G Processing Unit 20

CPU: Cycle Control 0
Storage Address Register 2
Storage Data Register 1
Opera t ions Re gister/Comm Chan Control  1
Controls Clock 2
Data Flow (B2) 1
Data Flow (B3) 0
Display 0
In t e r r u p t  Controls  1
Controls  (C2) 0
Controls (C3) 0
Operat ion Decode 2
In t e r r u p t s 0
Gen. Purpose Register Stack 2
Console (El)  0
Console (E2) 2

High Speed Multiplexer : Subchannel Al (SCA) 1
Subchanne l Bl(SCB) 0
Common Control 0
Common Data Flow 0
Chan 1 IF Control 0
Chan 1 Control SCA 0
Chan 1 Control SCB 0

Mult iplexer/l052 Adapter : Priority Interrupt (A2) 1
Priority Interrupt (A3) 0
1052 Adapter Log ic (Bl)  0
1052 Adapter Logic (Cl) 1
Data Flow 0
Funnels  0
Mult iplexer Control (B3) 0
Mult iplexer Control (C3) 0

Memory Stack 1

Single Disc Storage Device: Disc 6
D isc Control 0
Disc IF Control 0

1052-7 Printer/Keyboard 36
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1973 is 2 0 4 . 2 2  hours . The m e a n — t i m e — t o — r e p a i r  (M TTR) or a -  t iv’-
-o rr e c  t i v e — m a i n t e n a n c e  t i m e  h a s  been 6 .32 hours. W h e n  t h e  mean
time awaiting parts (1.57 hr) and pe r sonne l  (8 .08 h r )  a re  added .
tine mean t ime to cur roe I. la i lures has been 15 . 98 h o u r s  . P i e —
v e nt i v e  m a i n  t en a n ( c has avera ged 1 .65 h o u r s  lo r  I he 82 i n st a nc es
covered by this study. The I o ta l  m a i n t e n a n c e  d o w n t i m e  (MDT)
equals 1443 .95 hours.

To det ect t r ends the  y e a r l y  MTBF , MTBM , and MTTR
statistics have been listed with those for the 3 3 / 4 —y e a r
period on Table XI. The 1977 figures do not compare favorabl y
w i t h  the other years; however , the  shor t , 3—month period may
be influencing the statistics.

After rev iewing the data associated with the study ,
we co nclude:

( 1) The significant failures which might indicate
aging of the system , viz., those SLT cards with-
in the  2044 processor , do not show s u f f ic ient
ev idence for greater concern at this time .

(2) No particular section of the CPU has been
a f f e c ted by fa ilur e to a grea te r  e x t e n t  t ha n
ano the r .

(3) The 1052 Printer—Keyboard is the main location
of 360 system failures . Its failure rate depends
upon usage and results mostly from mechanical
failures which are corrected by component adjust-
ments. Periodic overhaul can reduce the number
of failures significantly.

(4) The time to diagnose and repair CPU failures has
become less as the on—site maintenance crew has
gained “hands—on” exper ience with the 360 system.
Limited built—in diagnostics and increased IBM
maintenance costs make this a significant factor .

(5) Final ly , the 95% operat ional availability goal
for the 360 system still appears valid when an
annual basis is considered .

28 
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TABLE XI

TREND ANALYSIS OF IBM 360 MA I NTENANCE PARAMETERS

MTBF MTBM MTTR
( h r )  (hr ) (hi’ )

1973 (1/2) 546.0 182.5 3.60

1974 673.8 236. 8 6 .86

1975 438.0 159.3 6.34

1976 625.7 282 .6  6 . 7 6

1977 (1/4) 196.4 154.3 7.07

To last inc ident 496.7 204.2 6.32
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1MPR0V I- ,M~hN’I’S AND M0I) I FI (Afl O\:

A .  PDP-7 PROGRAMMING

The d e v e l o p m e n t  and m a i n t e n a n c e  of i c I ’ ~~~., n am s  I c o  t h e
PDP— 7 c o m p u t e r  c o n t i n u e  to  p rov ide  an i m p o r t a n t  p a r t  u l  t h e
ovei ’all task of o p e r a t i n g  and i m p r o v i n g  t h e  M o n t a n a  A r r a y  11-s
a se i smologica l  o b s e r v a t o r y .

The p rograms  comple ted  d u r i n g  the first hall of
Project VT~~i708 are lis~ ed in Table XII. Programming activit y
supported LDC operations (1) by converting two existing programs
t o  operate during array on—line data recording , e.g. LIARS version
1 (VL1) of the magnetic tape duplicate and verify program (DUP: yEn),
(2) by updating the computer usage program to agree with current
computer uses , (3) with improvements to paper tape read i n  program ,
arid (4) by updating the SP array sensor polarity check program to
run in less time . Two programs were prepared to assist local
seismic analysis work , viz. , GRAPH and DIAZ (event distance and
azimuth from site LAO). Our logistics effort was helped by new
gov e r nmen t  proper ty  and ta b le list pro grams and t he  ad di t ion of
error detection to the material inventory program.

TABLE XII

PDP-7 PROGRAMMING ACTIVITY

Oct ober 76 — Ma rch 77

PROGRAM VERSION BY APPROVED

P r o pe r t y  L i s t  Vi L idderdale  10, 76
DIAZ V2 Po t t e r  11/76
POLCK V2 Maxwel l  12, 76
TABLE LIST V3 L idderda le  12/76

I’ PUNCH HRI V2 Maxwell  0 1/77
GRAPH Vi Po t t er  01/77

• DUP/VER VL1 Pot te r  02. 77
Mater ial Inventory VL2 Lidderdale 03/ 77
Computer Use V2 Maxwell 03 77
Computer Use VL1 Maxwell 03/77
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M A I  NTENANCE

LASA maintenance activity is divided into three
d i f f e r e n t  c a t ego r i e s :  Data  Cen te r  (LDC ) , Maintenance Center
(LMC ) and F a c i l i t i e s  S u p p o rt .  The LDC in  B i l l i n g s  o p e r a t es
and m a i n t a i n s  the  f o l l o w i n g  f i v e  sys tems : The IBM 360/44
computei ’ , t he  DEC PDP—7 computer , LDC Digi ta l , LDC A nalo g , and
the  LDC Test and Suppor t .  The LMC located in  Mi les  C i t y  ma in -
t a i n s  a l l  a r r a y  equ ipment  systems wh ich  are comprised  of SP
Sensor , LP Sensor , Meteoro log ica l , SEM , and Power .  Fac ili t ies
Support provides maintenance of’ buildings , veh icles , land lease~~.
and array facilities such as cable trenches , access t r a ils , fen’-Ies ,
WHV s i t e s , and CTH s i tes .

A.  Summary

The m a i n  m a i n t e n a n ce  a c t i v i t i e s  d u r i n g  t h i s  6 — m o n t h
pe r iod  were s u b a r r a y  i n s p e c ti o n s , p r e v e n t i v e  m a i n t e n a n c e  at  bo th
LMC and LDC , IBM 360 system repa irs , check ing and serv ic in g of all
env ir o n m e n t a l  equ ipme nt in LDC compu ter  room , cable repairs in
a r r ay , and several projects in LDC shop .

A summary of the  tota l  maintenance a c t i v i t y  is given - n
Table X I I I  where the number of work order ac t ions  in  the LMC , LDC ,
and utility areas are shown. The 439 completed work orders represent
565 separate and traceable actions by the maintenance activities and —

since several repair actions may result from the clearing of one
part icular tr ouble , the  number of ma in tenance  act ions can excee d the
number of work orders. The work orders do not indicate the man-
hours involved but are indicative of the work load . The system
work orders completed consisted of 249 preventive maintenance
rou t ines , 148 corrective maintenance , 2 mod i f icat ions , and 19
utility actions . A total of 22 items of equipment were repaired
in the LMC and LDC shops . The backlog in the shop of 49 items

• pr imarily consisted of printed circuit cards at LDC and RA— 5
amplifiers and HS—lO-lA seismometers at LMC .

B. Data Center

Five systems maintained at the LDC are the IBM— 3h0-44
Computer , the DEC PDP-7 Computer , the  Dig ita l , the Analo g, and
the  Test and S u p p o r t .

A t o t a l  of 221 work orders were completed for 332 mairte—
nance actions plus 4 repairs in the shop. Table XIV provices a

• breakdown of the LDC maintenance actions by system and month .

• .-~~
-.-
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TABLE X I I I
- UUR’V QPESR’3

flr I SIEP j . 7 7 5  - ~1PRCh 1977

E351:VLOG I,-~ ,r c l i  (3
‘37 c PT ‘ I F  E ’c D

WORK ORDER TYPE FEF’JOD I’~1TIPTE D COMPLETED FEFI .1

LMC
3’i’5’E11 —

~~ 1:3 3 171?
5L155’IISE IBLY— E 5 31 3 22
CON P ON EN T — [  2 7 8

TO 1c~L71 S ~2 1 199 Tn

L OS
3’ ’ST E I l  —P 9 219 21 7 I D
5UEP5B EMBL ’(—E 3 51 2-
CL I 1 P O N E t I T — [  17 3 2 :7

29 22 1 22 1 1-9

1 35 17 11

fl ’ ”l~~1~ ’FD TT PLB 758 411 47 3

TABLE XIV

DPTP CEHTER MPINTENANCE POTIO NE

IJCT?SER 197S — MARCH 1311

OCT NOV D E C J R N  FE B MPF TCThLS

7(5 51
LIIFPECTIVE 0 2 3 4 3 2 LI
FRE’-- ’ENTIVE 7 3 7 1 7 51 7

1,~~FECT 1 ’ .E 1 7 6 5 3 6
* PRE ENTI , - -’E 2] 751 21 2~ 22 29 1..1

P 1 G I In L
5 FPECT IVE ~~ 51 51 (7
PFE E N T J ’ -- ’E 9 S 5 4 -1 5 25

:PFECT I - E  2 3 5 .7 1 3 1’]-
FP E’ - - EVlT I  ‘S ‘“ 6 51 51 11 1 1-1

‘TC, ’1” C~’11 5~~~’f l P ’
5 5 2 ~- - 2
4 2 1 1 5 71

‘l SE- ‘37 4 ’  ~5’ -1 377
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I . Sy s t e m  360

The maintenance respon sibilit y I or the IBM 36 1) - 44
is h a n d l e d  l o c a l l y  w i t h  a s s i s t a n c e  f r o m  IBM as needed . The LDC
360 s y s t e m  co n s i s t s  of ’ ( 1) a 2044—G P 1’ocessin% U n i t , ( 2 )  a 1052—
7 P r i n t e r / K e y b o a r d , (3) a 2501—Bi Card Reader , (4) an  1827 — 1 D a t a
Cont r ol Un it (5)  an 1826 Data A d a p t e r  U n i t , and (

~
) a 2701-1 I)ata

Adapter . During t h i s  period the re  were  14 r e p a i r s  on t h e  -.ys tem
and 9 p r e v e n t i v e  m a i n t e n a n c e  a c t i o n s .

There were 16 i n s t a n c e s  of f a i l u r e  on the 360
s y s t e m  w i t h  two  of t h e  work o rde r s  s t i l l  open at  t h e  end of t h i s
6—nionth period waiting further maintenance and parts . Theie
were six problems in the CPU caused by f a i l u r e  of SLT cards .
The o ther  f ai l u r e s  were :  f o u r  p rob lems  w i t h  the disk  d r i v e ,
t h r e e  w i t h  t h e  1052 p r i n t e r/ k e y b o a r d , and t h r e e  l a i l u r e s  w i t h
the 2501 card reader . October  was the o n ly  m o n t h  d u r i n g  t h i s
per iod  t h a t  the  sys tem opera ted  w i th o u t  any f a i l u r e s .  In
addition the “Invalid OP Decode” problem (previously r e p o r t e d )
still exists in the CPU . The problem was bypassed by installing
a modified 5803350 card in location 1AC4E4. Trouble shooting of
this problem will be on a non—interrupt basis of the  system operation.

The six CPU card fa i lur es wer e as f ollows:

11—02—76: A 5801881 card In location OlA—B1F2 caused
all SDR da ta  to be ta gged wit h bad par it y .

11—23—76: A 5800143 card in location O1A—A4D2 caused
a continuous 1/0 request stopping the
machine in an 1/0 cycle .

01—01-77: A 5803308 card in location O1A—B2D6 caused
a loss of bits 16—23 from the GPR ’s.

01—18—77: A 5801881 card in location OlA—D4E6 caused
GPR 6 to read all the time from the GPR array .

• 01—19—77: A 5803311 card in location 01A—E2B3 prevented
the CPU from being operated manually in

-

* 
Single Cycle mode.

• 02—02—77: A 5806146 card in location O1A—A 2K4 blocked
1C and SAR bit 16.

A different type card failed in all six failures and all occui’i’ed
‘ on different boards in the system. All power supplies were within

It :, r ipple and level tolerances and cool ing ducts  and fa ns were cl ean
and funct ioning properly. No conclusions can be made from these

. failures that would indicate preventive measures.

- ~!‘ Two failures of the disk drive were caused b~’
broken connect ing wires on the moving portion of the head assembly .
Tn.is is not an unusual failure and can be expected. An
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intermit tant hom i rig 1,t-oblem d id  not  i c—occur after c - l e a n i n g  t h e
head assembl y and posit ion pot but probabl y was related to the
s u b s e q u e n t  w i r e  p rob lems . A f a i l u r e  to read d a t a  was corrected
by head a l i g n m e n t . A c o m p l e t e  head a l i g n m e n t  c o u l d  not be done
as we do not  have a CE disk with alignment tracks .

The 1052 caused problems t w i c e  when  t h e  space bar
jammed on t h e  keyboard . P a r t s  were  ordered t h a t  s h o u l d  s top
t h i s  p r o b l e m .  A n o t h e r  p rob lem occured  when  gold p a r t i(  les f r o m
the  C5/C6 g o l d  p l a t e d  c o n t a c t s  a c c u m u l a te d  on a phenolic spacer
and allowed a signal to be developed across the normally open
contacts. The end result was a continuous spacing function that
would hang up the CPU .

Three f a i l u r e s  of t h e  2501 card  reader were  caused
by two lamp f a i l u r e s  and a p in c h e d  w i r e .  Both lamps , r ead s t a t i o n
and TE (pre—read station) , were the orig inal  com ponen ts an d over
10 years old. They are both on at all times. The pinched wire
was a g g r a v a t e d  i n t o  c a u s in g  problems a f t e r  t h e  w i r e  ha rnes s  to
the  TE cell  and t he  lamp assembly  was d i s t u r b e d  to rep lace  t h e
lamp .

2. PDP—7 S y s t e m

M a i n t e n a n c e  of t h e  LDC ’ s PDP-7 compute r  s y s t e m  i n -
cludes t he peripheral  equ ipm ent  as we l l as th e bas ic CPU . These
dev ices include ( 1) a Burr oughs Ca rd Rea der , (2) a KSR— 35 T -le—
typewr iter , (3) fou r  MA 1 SC 7296 Magnet ic Ta pe Dr ives , (4) a
Versatec LP—ll5O Line Printer , (5) a Data Control Unit . (6) a
Ser ial Out put Un it , and (7) a Paper Tape Reader—Punch .

There were 38 repairs on this system an d  147 pre-
ventive maintenance actions completed. The repair distribu tion
was:l7 tape units , 7 tel e t ypewr i ter , 4 line printer , 4 paper tape
reader , 3 CPU , 2 card reader , and 1 Da ta  C o n t r o l  U n i t .

Twelve of the tape unit repairs were bulb replace-
ments , adjustmen t s , or sensor cleaning. All tape motion in the
7296 type  un its is con t r o l l ed by pho to  ce l l  assem b l ies. Two of
the un its had the rubber reel hubs replaced to prevent tape reels

- . from slipping on the hubs . A capstan was rep laced because of’
worn rubber coating and the bearings were replaced in a cooling
fan. The head cam assembly cracked on one unit and had to be
repaired.

The tele typewriter problems occurred on two d ill erent
- 

‘( un its , a KSR—35 and an ASR— 33. The ASR—33 is a standby unit that
was overhauled with the motor and drive gears replaced and print
head and platen aligned. The on— line KSR—35 had several failures

• including a driver card , the  selector c l u t c h , and nylon drive gears.

The line printer had one serious failure when the
dlaphi’am ruptured in the toner pump , spraying toner all over the
interior . After cleaning the unit and pump replacement the printer
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o f  a w e ak  1) h u t ( )  t i’~ L I 5 L 5 t O t ’ (15 - 1 :11) in  t h e  ic -ad head . A good
LS431 was sa 1va~~c’d I i’om a used head anul the unit al  i g n ecl

Two 4215 c ards I ai led i i i  t he ( ‘PU t ape  c o n t r o l  icr
on two di f t  cr c- nt occasions . The  c a r d  in b eat ion ClO was dropping
bit 8 in data from the tapes ai:d t h e  bad c a r d  in  l o c a t i o n  Cl i
prevented loading a ny  p r o g r a m  f r o m  t h e  tape units .

The card reader  was  o c c a s i o n a l ly  d r op p i n g  b i t s
w h i l e  r e a d in g  c a r d s  w i t h o u t  a c i v  a p p a r e n t  f a i l u r es .  A c’~ r i p let e
m e c h a n i c a l  and e l e c t ro n i c  a l i g n m e n t  wIt s p e r f o r m e d  a ft e r  w h i c h
the unit functioned properly and  reliable data was obtained.
Mechanical wear had a l l o w e d  a l l  t h e  a d j u s t m e n t s  to become
marginal.

One pi’o blem in t o ’  D a t  a Coli t i’o 1 U n i t  c a b i n e t
(PDP— 7 Interface) prevented jun in iig t h u  - system program with
LASA data. A terminal on the 15 vo lt distribution bus for the
cabinet had come loose and ai’cc.-d caus ing an intermit tant con-
nection. When the connection was op en t he system program would
halt and would not restart .

The ASR— 35 teletypewriter received f rom ALPA was
• rewired to allow use with the PDP— 7. We now have the ASR—35 ,

a KSR— 35 , and an ASR—33 that c-an be used with the PDP—7.

3. Other LDC Systems

The other systems mai ntained at the LDC are the
Digital , Analog, and Test and Support Systems .

The Digital Sys t em includes the PLINS , M I N S , two
identical timing cabinets , and the itiverter operated power system.
There were no rep ai rs and 35 prevent ly e  m a i n t e n a n c e  act ions per-
formed on this system during t h i s  period .

The Mas tei - Cloc k Oscillator (\lç ’o) in b o t h  the
prime and standby timing systems wl i’e readjusted. The Time—of—
Day clocks (TOD) had been drifting about 30—40 milliseconds per

• m o n t h .  The MCO o u t p u t  c o n t r o l s  t h e  s t e p p i n g  of t h e  TOD and a l l
system timing signals. After the adjustments were completed the
TOD had not d r i f t e d  over a peak—to—peak range of -1 milliseconds
in a 3 month period.

-e
The A c i a  log S vst  em c o ver s  t ti c - 9 6 — c h a n n e l  I) -~~ con—

vers ion  e q u i p m e n t  , t h e  1) A p a t c h  ~aco ’ 1. t h c -  a n a log  t i m i n g  e q u i p —
ment , the  WWV receiver , and Develocoi’ders . Completed were 14
preventive maint enance act ions and 16 troubles corrected .

A l l  , l  t he i - c , r r t c - t e d  t i ’ o c : b l e s  v e i t ’  on Develocorders ,
All of the p r o b l e m s  can he t’onsi dei’ed routine : g a l v o  a d j u s t m e n t  or 

‘
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replac ernc-n t , lamps , roll ers , I c - a k - --- , i t  r • , exc ept one f a i i u r - t o
expose t inc arid d a t e  on I he I i  in . To t ’o i ~

.c - c t  t h i s , t h c , - Dat c— T ime—
Group assembl y had to l~t -  d ismant l t d  and worn ini -ro— swi t c-lies S805
and S809 rep laced .

One unit was u)v& i tlau l c’ c1 b y cuinp ie t e l; dismant h u g
down to t h e  f r a m e  , c l e a n i n g  . p a i n t  i r ig , a n d  r ep l a c em en t  oi a l l  W orn
parts. Salvaged U a r t s  were  used wh e r e  poss ib l e .

The Deve lu-ui -ordf’r rio-k was washed down and all
rusted and corroded area r i i s  t p r o o f e d  and  i a  i nt ed . The general
co n d i t i o n  of t h e  i’ack is good  in  sp ite o f  t l ie c h e m i c a l s  used ,

The LP f l e v e l o c c o ’ d c - i ’  r e c e i v e d  f r o m  ALPA c a n n oi  he
used in  t h e  LDC system. ‘i lie sc o p i -  s ys t e m  r e q u i r e s  a mu l t  i p lexed
i n p u t  not a v a i l a b l e  a t  present - A p r o j e c t  to d e s i g n  and c o n s t r u c t
a m u l t i p l e x e r  w i l l  be co n s i  d c - r i d in the future .

The o n - — h a l f  w a v e  5Mh Z vert i ca l  h e l i x — w o u n d  a n t e n n a
fo r  WWV r e c e p t i on  has been f a b r i c at e d . I t  w i l l  be i n s t a l l e d  t h is
coming summer  when  w e a t h e r  p e rm i t s . The need f o r  t h i s  a n t e n n a
was discussed in  the las t report and should improve the reliabilit y
of WWV reception on 5MHZ .

The Tes t and Support System encompasses not on l y  the
two Ma in tena nce D isp lay Consoles (MDC ) but all other equipr ient for
the  suppor t  of t h e  dat a cent c r  ‘ s operation such as the environmental
equ ipment  (a i r  c o n d i t  lon e r s , c - l e ct i ’ o s t a t i c  a i r  f i l t e r s )  a ni  t h e
f i l m  v iewers  and c o p ie r s . Of 59 m a i n t e n a n c e  a c t i o n s  on t h i s
sys tem , 32 were c o r i ’ e - t i v c -  and  27 were fo r  p r e v e n t i v e  m a i n t e n a n c e .
Of the  32 Corre (-tiVe repair’s , 23 were  r o u t i n e l y  e x p e c t e d  b ias
bat tery replacements in the MDC un its . The onl y other troul)leS
that were of intert ’st wa s t he  i c - p l a c e m e n t  of a b a t t e ry  in  one of
the emergency light units and repair of the humidifier svstem .

Inspect ion of’ the hum idi I icr system f o u n d  leaks
from the duct ing where it goes i n t o  t h e  a i r  c o n d i t i o n i n g  s y s t e m
main duct. The duct s wort- c o m p l t ’ t c ’ l y r u s t e d  t h r o u g h  in  s eve ra l
places including the adaptor in to t h e  humidifier steam chamber .

• The system has been in use over 10 years. The adaptor and all
-

. 
ducting has been repla cc-d .

All c)I t h e  LJ)C (-li v i. i- onm ent al svst ems were cleaned
and checked in M a r c h  and all art- i i i  good c o r i d i t  ion  and w o r k i n g
properly. This I ncl cic’s t bc 15 t o n  r o o t — t o p  air con d i t i o n e r
system , the humid i fit - i’ , and t h e e i c - c t  i’u stat I C  I liters.

C. Ma i  l i t  i ’n an ce  ( t n t  c - i ’

The LM C su pp o r  ts t t o -  I - \ 5 \  ope ra  t ion wi t ii both array
act i v i  t i es  and shop t e st  i n g  and n i - p a i r s .

The s y s tem s  m a i n t a i  n ed by !M ( are I he SP, LP.  SEM ,

:3f ~i
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Power , a ru t  Wea t hei’ S t a t  i on -

Th e  personru’l a t  LM( ’ co m p l e t e d  199 wor k or’dei- s i e p i e —
—o’ u t i iig 208 ~epat’a tc’ mai nt •’ii aiict’ artionis plus 17 i t  ems repaired
i n  t h e  s h o p .  The a r r a y  work  order ’s  i n c l u d e d  50 co rr e c t  i \ e
m al n t  enaru-e , 131 prevent i ye m a i n t e n a n c e  , and one mod i i i  c a t  l o u  .

1 . A r r a y  Activities

Table X\ ’ shows t h e  ai ’ r ’ ay  m a i n t e n a n c e  a c t i on s by
system and month required to support the LASA d u r i n g  t h i s  6—
month period. To accomplish this maintenance , 107 visits to
CTH ’s and 31 visits to WHV ’s were made during the period . This
was done with 110 trips to the field plus 3 t r i p s  to the  Malm—
st rom AFB , PMEL covering a total of 12 ,511 miles .

The 50 repairs made in the array consisted of 32
on the SP sensor channels , 10 fc)r the power system inverter , 5
of LP amplifier , I LP free period motor , 1 SEM Con t r o l  Drawer ,
and 1 SEM I np u t  D r aw e r .

The SP repairs included 23 amplifier replacements
due to fa ilure or out of tolerance condition , 3 adjustm en ts , 3
minor repairs , and 3 cut cables , The amplifier problems were
not unusual or excessive. Two of the cut cable incidents were
caused by Mid—R ivers Telephone Company contractors cutting across
the buried cable to install underground telephone cable . Locations
were leg 3 of subarray Bi and and leg 6 of subarray AO. Leg 4
cable of subarray C3 was cut by the landowner using a road grader
on a trail. The barrel was badl y dama ged on WHV 23 at B4 by a
plow . This WHV is not used so the barrel will be removed , the -

cas ing plugged , and the cable spliced when weather permits. One
bit of excitement occurred when a LASA technician discovered a
fam ily of skunks ha d taken up res idence under the  cover of WHV
72 at subarray D4. Fortunately he was able to evict the tennarits
without incident . Bullethole damage was found at WHV 62 at subarrav
D2. The WHV had been shot up at close range with a large bore
rifle. The cover , lid , and junction box was replaced and some
cabl ing spliced and repaired.

The RA—5 amp lifier , p394, at  WHV 41 a t D4 f a i led
because of a bad ba t t e r y , B3 , in the feedback bridge . What was
unusual about th is amplifier was its longevity in operation from
2—18—66 till 12—6—76 without failure. Barring other component
failures the usual average amp lifier life before batters’ failure
is 5 years.

I.

The TD—202 short period tn —axial seismometer at
subarray D2 was tested and adjusted to determine the system
para meters:
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N a t  u i - a l  F r e q u e n c y  I ) a m p i  r ig R a t i o  (ad j  u s t e d )

1 . V ertic al 0 .93  l I z .  15:1
2 . Nor I h— Su ci t ii 1 .02 lIz . 15: 1
3. E a s t — W e s t  1.06 HZ . 15: ’

The frequency response was measured and plotted and the curves
matched the HS— lO— lA on frequencies below about 1.15 Hz. On
frequencies above this point the response’ is about twice as
much  on t he  TD—2 02.  T h is  would explain the increased sensitivity
noted for this instrument to the higher frequency local seismic
noise from machinery, ve hicles , etc .

All of the subarray s were visited and checked
during this six month period; the Snowcat was used several times .
Subarrays B3 and C3 were not checked during January because of
the weather and road conditions . There has been no evidence of
damage at the subarrays from the winter weather and spring melt
and run—off. All fac ilities will be inspected during April and
May for physical damage .

There were 10 failures related to the Inverter in
the Stand—by Power System . Most of the problems are the Inverter
power breaker kicking off when ac power is restored after a
failure. Several possibilities are being investigated and a
modification will be developed to cure the problem if possible.

2. Shop Act ivities

The extent of the shop work is summarized in Table
XVI. Shop act ivity is minimal during fair weather when most
activity is centered in the field. When travel conditions limit
field work , ma intenance  act iv i ty  is concen t ra t ed  on the sho p
repairs .

The lar ge ba ckl og of shop work (Type B and C work
orders) is mostly RA—5 amplifiers , HS—10—lA seismometers , and
pr inted c ir cu it cards a t LDC . F inal adjus tmen t s  of the am p lifiers
and se ismometers are made w i th  t h e  un i ts in t he env iron m e n t a l
chamber at operat ing temperatures. The first stage of the
cascade cooling units failed in the chamber due to a bad com-
pressor . The un it is now waiting parts for repair. When the
chamber is back in operation , the repaired RA—5’ s and HS— lO— lA ’s
will be adjusted and the work orders closed out.

D. F a c i l i t i e s  Suppor t

LASA opera t ions  are suppor ted  by t h e  f a c i l i t i e s  and
vehicles available. These both require attention for their con—
tinued prov ision and maintenance. The land required for the
ar ray~~ CTH , LPV , and WHV structures as well as the bu ildings
housircg the LDC and LMC are essential. Insuring proper operating
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~~c ’ l 1 I c  les ‘isc ’d  f o r ’  t t ’ a v ( - I  l ) C t W - e i i  1~~u - i 1 i  t i ’ s  l ’ e q u i r c - s  n n r a i n t ( ’ n a n i c - c -
i-i up~)o1’ t .

Land Pi - ov i S i ( ) n i

Pros’ is i on of t he  land for t l i t  a r r a y  i ’equ i  r i - s  50
leases . Iii t h e  inte res t ui  good i ’e i a t  ions  w i t  Ii t h e  l a n d o w n e r s ,
72 contacts were made t d )  d e l i v e r  lease che c ks , d iscuss  s u h a r r a y
access trails , and o t h er  m a t t e r s  c o n c e r n i n g  t h e  land use .

There  was not any  d r i l l i n g  a c t i v i t y  w i t h i n  t h e
array that could affe ct seismic data during this 6—month period.

2. Land and F a c i l i t i e s  M a i n t e n a n c e

The a m o u n t  and  t y pe of u t i l i t y  work ordei’s engaged
in  d u r i n g  this per iod  for’  t h e  LMC is shown in Table X V I I .  The 19
comple ted  work orders  show 4 f ox ’  land r e p a ir s , 10 for  f a c i l i t y
r e p a i r- i n s p e c t ion s , and 5 for vehicle maintenance/inspect ions .

The LMC f a c i l i ty  was i n s p e c t e d  by the  local  l i r e
d e p a r t m e n t  on 2 — 3 — 7 7  and found sat isf’actorv.

D u r i n g  t h e  weekend o f  2 — 1 9 — 7 7  s e v e r a l  s h o t s  were
f i r e d  f r o m  t h e  s o u t h w e s t  i n t o  t h e  gar ’age  area of t h e  LMC b u i l d i n g .
3ne round  w e n t  t hr o u g h t h e  win dow an d  into the door o one ~‘eh i c le.
but  ve ry  l i t t l e  damage was d e n t - . The i n c i d e n t  was r e p o r t e d  and
investigated by local police w i t h o u t  succe~~s .

A contractor sat e 1 y i us t a l l ’  -d a wa It-I’ 1 i n -  ac ross
the cable t r e n c h  loca ted  b e t w e e n  W i l Y ’ s 62 ~ ncl -~~~~~ at ~at )ar’r’ av 1)2
on 1—21 — 7 7 .

As m e n t i o n e d  i n  paragraph V • ( ‘ . 1. there were t h r ee
instances of damaged cables i n  t he array . Th e ca ble was cu t  b y
Sumners  C o n s t ru c t ion Company  l a y  i rig underground telephone 1 ines
for  M i d — R i v e r s  Te lephone  C o m p a n y  r ic an’  W h y  2 -I a t  s u b a r r a y  131. I t
was du g out , repaired and cove red by LMC p (-r’sonnel. T h e  c o n t r a c t o r
did not cross the c’ahle trench where i t  was f l ag g e d .  The same
c o n t r a c t o r  cut  t he  cable near WHV 56 at su b a r r a v  AO. LMC p er s o n n e l
repa i red  the  cable  and a g a i n  t he  I r ’ ench  had been f l ag g e d .  The ’
cable was cut  near WIl y 84 at subai ’r av  C3 by t h e  l andowner  b l a d i ng
t r a i l s. The cable  was checked w i t h  t he  ‘ c a b l e — f i n d e r ” and f o u n d
to be v e r y  s h a l l o w  i n  t h a t  a r e a .  ~ c’ai’ 1s’ 20() l e e t  of c ab l e  was
sp liced in  by LMC pe r sonne l  t o  c o r r e c t  this situation.

3. Vehicles

Ford Aerospace ~ Commun ications (‘orporat ion pr ov ides
t h r e e  p i c k — u p  t r u c k s  f o r  use  a t  I tic- LM (’ by the I ield crews and
land a~ en t  and a S t a t i o n  Wagon  f o r ’  a d m i n i s t r a t i v e -  f i e l d  i n s pec t i o n s
at t h e  LDC . The trucks (two fl~74 , F 1 1 3  m od e l s  and one 1970 F i b )
are eqiipped with four—wheel drive and are ~pecia1lv prepared for
t r a v e l  over rough t r a i ls and u s c ’  a t  t t i i -  a r r ay  sit e s .  M i n o r  v e h i c l e
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TABLE XV II

- - ur: L1T~ jtjRn ORDEPS 
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service’ and inspc o- t ion i s  pi’~~~ i - i c - i b y the LMC f o r  t h t- I r’ucks

The gov c ’rniin eri t pro’~ ides a for k— li It and a snow
t r a c t o r .  The LM C p e rso n n e l  se r ’v i , - t - d  t I r e - s e  v e h i c l e s  ( l u h r ’ i c’at ion
and oil changes) and no fu r ther maintenance was r e - q u i r c - d  I or t h i s
per iod.

The mileage dx’ i v e n  d u r i n g  t h i s  per iod  in support
of the LASA totalled 14 ,941 miles without any a c c i d e n t s ,
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SFd ”l I O N  V I

-\SS I S T A N C E  PROVIDLI) TO OThER .- \G F :N C I  ES

A.  Se i smic ’  D a t a  Ana l y sis (‘en t e r  ( SDAC)

The LASAPS processor is o p e r a t e d  a t  t h e  l i x :  24 h r / d a y
and 7 d a ys /  week t o px’ov ide real t i m e  a r r a y  da t a  on l i n e  t o  SDAc .
The weekly near—regional reports with events and blasts w i t h i r 1
20~ of ’ the  a r r a y  cen te r ’  are  a lso d i s t r i b u t e d  to SDAC .

B. N a t i o n a l  E a r t h q u a k e  I n f o i ’ m a t i o n  Se rv ice  (N E I S )

The LDC p rov ides  NEIS  w i t h  t h e  week ly  r e p o r t s  of neat ’ —
regional e v e n t s  and blas ts , responds to their telephone requests
for selected event information , and operates an FM telemetry link
for transmitting data from three selected SP seismometer channels .

C. MIT Lincoln Laboratory

The periodic near—regional reports with the stri l- — m i n e
blas t supplements are distributed to Lincoln Laboratory.

D. M o n t a n a  D e p a r t m e n t  of S t a t e  Lands

The strip—mine blast supplement to the near—regional
r epo r t s  is mai l ed  to the Dept . of State Lands in Helena . Montana.
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‘rhe t o l  l o w in g  r e p o r t s  w er’c -  p repared  and di  st! it )ute~
d u r i n g  t h e  f i r s t  six m o n t h s  of t h i s project:

1. “M o n t a n a  LASA O p e r a t i o n  R e p o r t  fo r  O c t o b e x  I9~~b ”
T/R 2140—76— 86 , f~ NOV 1976 .

2. “ M on t a n a  LASA O p e r a t i o n  R e p o r t  fo r  November  1976”
-: T/R 2140—76—87 , 7 DEC 1976.

3. “ M o n t a n a  LASA O p e r a t i o n  R e p o r t  ~ oi’ December ’ 1976”
T/R 2140-77— 88 , 7 JAN 1977.

~~~~_ 4. “Montana LASA Operation Report for Januar 1977”
T/R 2140—77—89 , 7 FEB 1977.

5. “Montana LASA Operation Report for February 1977”

~~ T/R 2 140-77—90 , 14 MAR 1977.

6. “Montana LASA O p e r a t i o n  R e p o r t  f o r  March  1977”
T/R 2140—77-91. 7 APR 1977.
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( ON ( L t~~ I ONS

1. The  L\S-\i>S o r - c - r a t  i on  - e r  t h e  1800—b aud l in e  was at Ir ’ c t -d
mainl y by ~~ ) ( )  -OIfl~)UL c - n -  I arlui ’c’s and corrective mai ril c ’na , ’ ( - t -
this x’ t- ~~ci’ t in g ~ r - r  r d .

2 .  The LASA I t i n n e r  .- \ r r a ~ t o - c o r d i n g  S y s t e m  ope ra t ed  s a ti s i  ~‘c t o x ’ i l y
to prov ide d i g i t a l  c i - co rd i ng of the a r r a y  da ta  and to al low
o t h e r  arra y I crue t iuu~ t o  ho ‘h a n d l e d  by t h e  PDP—7 c o m p u t e r
w i t h o u t  i nt cr1 erl’ i r~~z w.r th f b i -  r e c o r d i n g  o p e r a t i o n .

3. ‘Jo decline in t h e  ~ - co -~r 11 t o-rI ormance  of t h e  M o n t a n a  a r r ay
s y s t e m s  has b c - e n  oL ) ~-~t - r v e d .  I nc r eased  360 c o m p u t e r  h a r d w a r e
I a i l u r e s  are not  p r e s e n t l y  cons idered  as an i n d i c a t io n  of
advanced  a g i n g .

4.  C u l t u r a l  noise  s u r r o u n d in g  some a r r a y  sensor loca t ions  in-
creased due to changes  in local agricultural activity .

5. Daily teleseismic event processing at the LDC continues to
be an important part of our array operation. 

—._-—-__
~~~~~
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RECOMMENDAT I O~ S

Based on the operation of’ the Montana array and data
center  dur ing t h i s  repor t ing per iod , we recommend the following :

1. That the local study of daily teleseismic
event reports be cont inued and that the
Montana site be considered as a source of
seismic event information not available at
SDAC from the 4800 baud line .

2. That the telephone attached to the 4800
baud data set for  SDAC/LDC operator
communications be equipped with greater
ringing power .

- ,__,_-____ 1__- 

1
~~~~~uire,
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1 . Pot t i n ’ , , A - 
‘‘ ISAS A I t i n i e r  Ar n a y  Recordi rig Sys te rn (LI ARS

LASA P r o g r am Desci’ I p h  i i  in . Ford Aex-ospace & Conimu ni cat ions
B i l l i ng s , \IT . 26 MAR 7~~.

2 .  \latkins , R , E . “ M o n t a n a  LA SA S e m i — a n n u a l  T e ch n i c a l  R e p o r t ”
T R 212 6— 76—75 (AD— A 023 2 6 3 )  F o r d  Aerospace & C o m m u n i c a t io n s .
B i l l i ng s , MT. 23 JAN 76

3. Needham , R , and A , Steele. “Montana LASA Data Analysis
Techniques ” S—llO— 33 , Ford Aerospace & Communications .
Bi l l i ngs . MT. MAY 69.
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